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[METHOD FOR PROGRAMMING, 
READING, AND ERASING A NON- 
VOLATILE MEMORY WITH 
MULTI-LEVEL OUTPUT 
CURRENTS] 

Background of Invention 

[0001 ] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile memory. In particular, the present 
invention discloses a method for programming, reading, and erasing a non-volatile 
memory with multi-level output currents. 

[0003] 2. Background of the Invention 

[0004] A read only memory (ROM) device, comprising a plurality of memory cells, is a 

type of semiconductor wafer device that functions as a data storage device. The ROM 
device is widely applied in computer data storage and memory. Depending on the 
method of storing data, the ROM can be classified as several types such as a mask 
ROM, programmable ROM (PROM), erasable programmable ROM (EPROM), electrically 
erasable programmable ROM (EEPROM) and a flash memory. 

[0005] Differing from other types of ROMs which use either a polysilicon or metal floating 
gate, a nitride read only memory (NROM) uses an insulating dielectric layer as a 
charge-trapping medium. Due to the highly compact nature of the silicon nitride 
layer, hot electrons tunneling from the MOS transistor into the silicon nitride layer are 
trapped within to form an unequal concentration distribution which increases data 
reading speed and avoids current leakage. 
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[0006] A prior method of programming, reading and erasing an EEPROM cell capable of 
storing two binary bits of information is disclosed in U.S. Pat. No. 6,01 1 ,725. As per 
U.S. Pat. No. 6,01 1 ,725, a memory cell comprises a source, a drain, a channel 
positioned between the source and the drain, a non-conducting dielectric layer 
positioned on the channel and sandwiched between two isolation layers, and a 
conductor positioned on the isolation layer. The memory cell is able to store two 
binary bits by injecting electrons into a first region of the non-conducting dielectric 
layer close to the source and injecting electrons into a second region of the non- 
conducting dielectric layer close to the drain. However, two processes have to be 
completed in order to read the binary bits stored in the memory cell. That is, when 
reading one of the binary bits close to the source, a reading voltage is applied 
between the conductor and drain, grounding the source. When reading the other 
binary bits close to the drain, a reading voltage is applied between the conductor and 
the source, thus grounding the drain. In U.S. Pat. No. 6,01 1 ,725, these two processes 
have to be completed to read the binary bits stored in the memory cell, which 
substantially reduces the access rate of the memory. 

Summary of Invention 

[0007] It is therefore a primary objective of the present invention to provide a method for 
programming, reading, and erasing a non-volatile memory with multi-level output 
current so as to improve the access rate of the memory. 

[0008] 

In a preferred embodiment, a method for programming, reading, and erasing a 
non-volatile memory with multi-level output currents is provided. The non-volatile 
memory comprises a memory cell which comprises a source, a drain, a channel 
formed between the source and the drain, a first isolation layer formed on the 
channel, a non-conducting dielectric layer formed on the first isolation layer, a second 
isolation layer formed on the non-conducting dielectric layer and a conductor formed 
on the second isolation layer. The non-conducting dielectric layer comprises a first 
region nearby the drain and a second region nearby the source. Firstly, a 
programming step is performed to transform the memory cell into a predetermined 
state. The predetermined state comprises state(a)-both the first region and the 
second region are not injected with electrons, state(b)- the second region is not 
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injected with electrons but the first region, state(c)- the first region is not injected 
with electrons but the second region, and state(d)- both the first region and the 
second region are injected with electrons. Then, a reading step is performed to obtain 
a predetermined output current from the memory cell. The predetermined output 
current comprises a maximum output current corresponding to the memory cell in the 
state (a), a first output current corresponding to the memory cell in the state (b), a 
second output current corresponding to the memory cell in the state (c), and a third 
output current corresponding to the memory cell in the state (d). A first erasing step is 
performed to remove electrons from the first region, and a second erasing step is 
performed to remove electrons from the second region. 

[0009] It is an advantage of the present invention that only a single process is required to 
read the binary bits stored in the memory cell. As a result, the present invention can 
improve access rate, reduce power dissipation and increase capacity per unit area of a 
memory cell. 

[001 0] These and other objectives and advantages of the present invention will no doubt 
become obvious to those of ordinary skill in the art after having read the following 
detailed description of the preferred embodiment that is illustrated in the various 
figures and drawings. 

Brief Description of Drawings 

[001 1] Fig. 1 is a schematic diagram of an NROM memory cell according to the present 
invention; 

[0012] Fig. 2 is a schematic diagram for illustrating injecting electrons into the first region 
22a of the memory cell 1 0; 

[001 3] Fig. 3 is a schematic diagram for illustrating injecting electrons into the second 
region 22b of the memory cell 1 0; and 

[001 4] Fig. 4 is a schematic diagram for illustrating reading the memory cell 1 0. 

Detailed Description 

[0015] 

NROM is an example in the following preferred embodiment of the present 
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invention. A method for fabricating NROM is disclosed in U.S. Pat. No. 5,966,603. 

[001 6] Please refer to Fig.1 . Fig. 1 is a schematic diagram of an NROM memory cell 

according to the present invention. As shown in Fig. 1 , a memory cell 1 0 comprises a 
substrate 1 2, a source 1 4, a drain 1 6, and a channel 1 8 located between the source 
1 4 and the drain 1 6. Above the channel 1 8 is a stacked structure composed of a first 
isolation layer 20, a non-conducting dielectric layer 22, and a second isolation layer 
24. A field oxide layer 26 is formed on the source 14 and the drain 16. A conductor 
28 is located on the second isolation layer 24 and the field oxide layer 26. 
Furthermore, the non-conducting dielectric layer 22 comprises a first region 22a close 
to the drain 1 6 and a second region 22b close to the source 1 4. 

[001 7] As disclosed in U.S. Pat. No. 6,01 1 ,725, storing electrons in the non-conducting 
dielectric layer 22 increases a threshold voltage of the memory cell 1 0. Furthermore, 
the threshold voltage of the memory cell 1 0 with electrons stored in the second region 
22b is higher than that of the memory cell 1 0 with electrons stored in the first region 
22a. Thus, by injecting electrons into the first region 22a or the second region 22b, 
memory cells having different threshold voltages are obtained. As reading the memory 
cells with different threshold voltages, multi-level output currents are detected. A 
non-volatile memory with multi-level output currents can be therefore obtained. 

[001 8] Please refer to Fig. 2. Fig. 2 is a schematic diagram for illustrating injecting 
electrons into the first region 22a of the memory cell 1 0. As shown in Fig. 2, a 
programming voltage of 1 0 volts is applied to the conductor 28, a programming 
voltage of 9 volts is applied to the drain 1 6, and the source 1 4 is grounded. As a 
result, a vertical electrical field perpendicular to the channel 1 8 and a lateral electrical 
field parallel to the channel 1 8 are created. The vertical and the lateral electrical field 
accelerate electrons from the source 14 to the drain 16. As electrons gain sufficient 
energy, they bypass isolation layer 20 and are trapped into region 22a of the non- 
conducting dielectric layer 22. 

[0019] please refer to Fig. 3. Fig. 3 is a schematic diagram for illustrating injecting 

electrons into the second region 22b of the memory cell 1 0. As shown in Fig. 3, a 
programming voltage of 1 0 volts is applied to the conductor 28, a programming 
voltage of 9 volts is applied to the source 1 4, and the drain 1 6 is grounded. As a 
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result, a vertical electrical field perpendicular to the channel 1 8 and a lateral electrical 
field parallel to the channel 1 8 are created. The vertical and the lateral electrical field 
accelerate electrons from the drain 1 6 to the source 14. As electrons gain sufficient 
energy, they bypass the first isolation layer 20 and are subsequently trapped into 
region 22b of the non-conducting dielectric layer 22. 

[0020] As a result, by injecting electrons into the first region 22a or the second region 
22b, memory cell 1 0 has at least four predetermined states. They are state (a)-both 
the first region 22a and the second region 22b are not injected with electrons; state 

(b) - the second region 22b is not injected with electrons but the first region 22a; state 

(c) - the first region 22a is not injected with electrons but the second region 22b; and 
state (d)- both the first region 22a and the second region 22b are injected with 
electrons. 

[002 1 ] As described above, a threshold voltage of the memory cells 1 0 in state (d) is 
higher than that of the memory cells 1 0 in state (c). A threshold voltage of the 
memory cells 1 0 in state (c) is higher than that of the memory cells 1 0 in state (b). 
Similarly, a threshold voltage of the memory cells 1 0 in state (b) is higher than that of 
the memory cells 1 0 in state (a). 

[0022] Please refer to Fig. 4. Fig. 4 is a schematic diagram for illustrating reading the 

memory cell 1 0. As shown in Fig. 4, a first reading voltage (such as 3 volts) is applied 
on the conductor 28, and a second reading voltage (such as 2 volts) is applied on the 
drain 1 6, and the source 1 4 is grounded. Accordingly, as reading the memory cell 1 0, 
a predetermined output current is obtained. The predetermined output current 
comprises a maximum output current corresponding to the memory cell 1 0 in the 
state (a), a first output current corresponding to the memory cell 1 0 in the state (b), a 
second output current corresponding to the memory cell 1 0 in the state (c), and a 
third output current corresponding to the memory cell 1 0 in the state (d). 
Furthermore, the maximum output current is larger than the first output current, 
which is larger than the second output current, which, in turn, is larger than the third 
output current. 

[0023] please refer to Table 1. Table 1 shows a relationship between electron injection 
positions and corresponding output currents of the memory cells according to the 
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present invention. Wherein Id-HH is the maximum output current, Id-HL is the first 
output current, Id-LH is the second output current and Id-LL is the third output 
current. "Program-A" refers to an injection of electrons into the first region 22a close 
to the drain 16 and "Program-B" refers to an injection of electrons into the second 
region 22b close to the source 14. In the preferred embodiment of the present 
invention, quantities of electrons injected into the non-conducting dielectric layer 22 
are adjusted so as to obtain four specific kinds of the output currents. That is, the 
first output current is approximately 75% of the maximum output current. The second 
output current is approximately 50% of the maximum output current. The third output 
current is approximately 25% of the maximum output current. As a result, the binary 
values, such as 1 1 , 1 0,01 and 00, stored in the memory cells can be read by detecting 
the four specific kinds of output currents. 

[0024] 

TABLE 1 

State ; Output current Program-A Program-B 

(a) Id-HH No No I 

j 

(b) Id-HL Yes No 

(c) Id-LH No Yes 

(d) Id-LL Yes Yes 

[0025] The above-mentioned substrate 1 2 is composed of P-type silicon. The source 14 
and the drain 1 6 are N-type. The first isolation layer 20 and the second isolation layer 
24 are composed of silicon dioxide. The non-conducting dielectric layer 22 is 
composed of silicon nitride. The field oxide layer 26 is formed by thermal oxidation. 
The conductor 28 is composed of doped polysilicon. 

[0026] in addition, the memory cells in the present invention can be electrically erased to 
be re-programmed. A first erasing step is performed to remove electrons from the 
first region 22a and a second erasing step is performed to remove electrons from the 
second region 22b. Therein the first erasing step comprises applying a first erasing 
voltage on the conductor 28 of the memory cell 1 0, and applying a second erasing 
voltage on the drain 1 6 of the memory cell 1 0. The first and the second erasing 
voltages are sufficient to cause electrons to be removed from the first region 22a. In 
addition, the second erasing step comprises applying a third erasing voltage on the 
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conductor 28 of the memory cell 1 0, and applying a fourth erasing voltage on the 



source 1 4 of the memory cell 1 0. The third and the fourth erasing voltages are 



sufficient to cause electrons to be removed from the second region 22b. 



[0027] 



In brief, the non-volatile memory in the present invention comprises a plurality of 



memory cells. Each memory cell comprises a non-conducting dielectric layer 
sandwiched between two isolation layers, and the non-conducting dielectric layer 
further comprises a first region and a second region. By injecting electrons into the 
first or second regions, memory cells with different threshold voltages can be 
obtained. When reading the above-mentioned memory cells, multi-level output 
currents can be obtained. As a result, a non-volatile memory with multi-level output 
currents is obtained. 

[0028] Compared to the prior art, as reading a left bit and a right bit of a memory cell 

according the claimed invention, voltages are applied on the conductor, the drain, and 
the source, and then currents between the drain and the source are detected. During 
reading the left bit and the right bit of the memory cell, the source and the drain are 
not exchanged. Thus, only one process is required to read the binary bits stored in 
the memory cell. However, in the prior art, it needs to exchange the source and the 
drain during reading the left bit and the right bit of the memory cell. That is, it 
requires two processes to read the binary bits stored in the memory cell in the prior 
art. As a result, the present invention can improve an accessing rate, reduce power 
dissipation and increase capacity per unit area of a memory cell. In addition, the 
present invention can also be applied in the field of flash memory. 

[0029] The above disclosure is based on the preferred embodiment of the present 

invention. Those skilled in the art will readily observe that numerous modifications 
and alterations of the device may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be construed as limited only by 
the metes and bounds of the appended claims. 
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